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a  b  s  t  r  a  c  t

In rugby  union,  published  analyses  of actions and  movements  of players  during  matches  have  been  limited
to  small  samples  of games  at regional  or  national  level.
Objectives:  To  analyse  movements  and activities  of  players  in  international  rugby  union  matches  with a
sample  size  sufficient  to  clearly  delineate  positional  roles.
Design:  Observational  study.
Methods:  Actions  of 763  players  were coded  from  video  recordings  of  90 international  matches  played
by  the New  Zealand  national  team  (the  All  Blacks)  from 2004  to 2010. Movements  of  players  were  coded
for  27 of  these  matches  via  a semi-automated  player-tracking  system.  Movements  and  activities  of  all
players  from  both  teams  were  coded.
Results:  Cluster  analysis  of  activities  and time-motion  variables  produced  five  subgroups  of forwards
(props,  hookers,  locks,  flankers,  Number  8 forwards)  and  five  subgroups  of backs  (scrum-half,  fly-half,
midfield  backs,  wings  and fullbacks).  Forwards  sustained  much  higher  contact  loads  per  match  than backs,
via scrums,  rucks, tackles  and  mauls.  Mean  distance  covered  per match  ranged  from  5400  to  6300  m, with
backs generally  running  further  than  forwards.  There  were  marked  differences  between  positional  groups
in  the amount  of distance  covered  at various  speeds.  The  amount  of  play  per match  varies  by  position
due  to  differences  in  rates at  which  players  are  substituted.
Conclusions: The  distance  covered  by  players  at relatively  fast running  speeds  (in excess  of  5  m s−1)
appears  to be  higher  during  international  matches  than when  competing  at lower  levels  of  the pro-
fessional  game.  The  specific  match  demands  for  positional  groups  need to  be  considered  when  managing
player  workloads.

© 2012 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Time-motion analysis of player movements1 and notational
analysis of player actions2 can provide insight into the demands
of team sports. Time-motion analysis has been defined as “the
quantification of movement patterns involved in sporting situa-
tions, thus providing speeds, durations, and distances of various
locomotor patterns during the course of a game”.1 A definition of
notational analysis is that it is “an objective way of recording perfor-
mance so that key elements of that performance can be quantified
in a valid and consistent manner”.3 Although time-motion analy-
sis can be viewed as a subset of notational analysis, in the context
of team sports notational analysis has typically been distinguished
from time-motion analysis by a focus on recording player match
behaviours and counts of activities as opposed to player movement
patterns.

∗ Corresponding author.
E-mail address: ken.quarrie@nzrugby.co.nz (K.L. Quarrie).

Rugby union coaches and physical conditioning experts have
a keen interest in understanding the physical demands of the
sport, in order to develop effective training regimes and enhance
on-field performance. The published time-motion analyses of
rugby4–13 have, however, been based on small samples of matches
(between 1 and 16) and therefore the resulting statistics may  not
be representative.1 Papers reporting the number of various activ-
ities performed by position via notational analysis have also been
limited in terms of sample size. A paper published in 2005, which is
among the most comprehensive yet published, described the num-
bers of match activities by position performed by 22 players over a
series of 21 professional matches.2 Importantly, no studies have yet
reported detailed positional statistics for either time-motion data
or the number of physical activities performed by players in inter-
national rugby matches (tests), which represent the highest level
of participation in the sport.

Another limitation in the existing time-motion and notational
analysis papers reporting activities and work-rates of rugby play-
ers is that the analyses have not accounted for the fact that players
were repeatedly measured over a series of matches. If the lack of
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Abstract
The purpose of this study was to quantify movement demands of elite international age
grade (U20) rugby union players during competitive tournament match play. Forty elite pro-
fessional players from an U20 international performance squad were monitored using 10Hz
global positioning systems (GPS) during 15 international tournament matches during the
2014/15 and 2015/16 seasons. Data on distances, velocities, accelerations, decelerations,
high metabolic load (HML) distance and efforts, and number of sprints were derived. Data
files from players who played over 60 min (n = 161) were separated firstly into Forwards and
Backs, and more specifically into six positional groups; FR—Front Row (prop & hooker), SR
—Second Row, BR—Back Row (Flankers & No.8), HB—Half Backs (scrum half & outside
half), MF—Midfield (centres), B3 –Back Three (wings & full back) for match analysis. Analy-
sis revealed significant differences between forwards and backs positions. Backs scored
higher on all variables measured with the exception of number of moderate accelerations,
decelerations (no difference). The centres covered the greatest total distance with the front
row covering the least (6.51 ± 0.71 vs 4.97 ± 0.75 km, p < 0.001). The front row also covered
the least high speed running (HSR) distance compared to the back three (211.6 ± 112.7 vs
728.4 ± 150.2 m, p < 0.001) who covered the most HSR distance, affirming that backs cover
greater distances but forwards have greater contact loads. These findings highlight for the
first time differences in the movement characteristics of elite age grade rugby union players
specific to positional roles.

Introduction
Rugby Union is an intermittent high intensity invasion game, involving periods of static exer-
tions, collisions and running, interspersed with variable periods of lower intensity work and rest
[1–3]. Micro sensor technology (e.g. GPS) is currently used widely in team sports to quantify
the workloads of players during training and matches at the elite level of the game [1, 2, 4–6];
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Next...Methods	
  
•  1	
  Regional	
  academy	
  
•  12	
  matches	
  (2014/2015	
  &	
  2015/2016	
  season)	
  
•  59	
  male	
  rugby	
  union	
  players	
  [259	
  observa6ons]	
  
•  Split	
  into	
  forwards	
  (n	
  =	
  28	
  [150])	
  and	
  backs	
  (n	
  =	
  31	
  [109])	
  
•  Age:	
  17.6	
  ±	
  0.6	
  years	
  
•  Stature:	
  183.0	
  ±	
  6.8	
  cm	
  
•  Body	
  mass:	
  89.4	
  ±	
  10.9	
  kg	
  



PlayerLoadTM Slow (AU)
Academy

(mean ± SD)
School

(mean ± SD)
% Change

(mean ±90%CL)
Inference

Forwards 259 ± 20 252 ± 24 3.3 ±4.4 ↑ Possibly

Backs 209 ± 27 199 ± 25 5.1 ±6.4 ↑ Possibly

PlayerLoadTM Slow & Total Collisions 
Very Large Correlation (r = 0.719)
Roe et al. (Under Review)

10	
  Hz	
  global	
  posi6oning	
  system	
  (GPS)	
  
100	
  Hz	
  accelerometer,	
  gyroscope	
  and	
  magnetometer	
  	
  

(RD)	
  Rela6ve	
  distance	
  (m.min-­‐1)	
  
(PL)	
  PlayerLoadTM	
  per	
  minute	
  (AU.min-­‐1)	
  
	
  
	
  

Analysed	
  video	
  recordings	
  for	
  aFacking,	
  
defending	
  and	
  ball	
  out	
  of	
  play	
  6mings	
  	
  	
  



Sta6s6cal	
  Analysis	
  
•  Linear	
  mixed	
  model	
  	
  

-­‐  Random:	
  ‘players	
  code’	
  and	
  ‘match	
  code’	
  
-­‐  Fixed:	
  ‘phases	
  of	
  play’	
  (aFack,	
  defence,	
  ball	
  out	
  of	
  play)	
  

•  SWC	
  established	
  for	
  each	
  variable	
  (0.2	
  between-­‐subject	
  standard	
  
devia6on)	
  –	
  (RD	
  =	
  4.7%;	
  PL	
  =	
  4.9%)	
  

•  Magnitude	
  based	
  inferences	
  calculated	
  and	
  assessed	
  as:	
  
-­‐  25-­‐75%	
  Possibly	
  	
  
-­‐  75-­‐95%	
  Likely	
  
-­‐  95-­‐99.5%	
  Very	
  Likely	
  
-­‐  >99.5%	
  Almost	
  Certainly	
  	
  
•  ‘Unclear’	
  when	
  crossing	
  the	
  upper	
  and	
  lower	
  bound	
  
of	
  the	
  SWC	
  

•  Differences	
  shown	
  as	
  percentage	
  change	
  ±90%	
  
confidence	
  limits	
  

BaFerham	
  &	
  Hopkins	
  IJSPP.	
  2006;11,51-­‐57.	
  
Hopkins	
  et	
  al.	
  MSSE.	
  2009;41(1),3-­‐12	
  



Results	
  
Match	
  Length	
  

Time	
  (mins)	
   74.8	
  ±	
  3.3	
  

AFacking	
   Defending	
   Ball	
  out	
  of	
  play	
  
Time	
  (mins)	
   12.7	
  ±	
  3.1	
  (17%)	
  14.7	
  ±	
  2.5	
  (20%)	
   47.4	
  ±	
  4.1	
  
Cycles	
  (n)	
   27	
  ±	
  9	
   31	
  ±	
  10	
   48	
  ±	
  3	
  

Average	
  Cycle	
  Time	
  (s)	
   26	
  ±	
  17	
   26	
  ±	
  18	
   59	
  ±	
  33	
  
Minimum	
  Cycle	
  Time	
  (s)	
   7	
   7	
   9	
  
Maximum	
  Cycle	
  Time	
  (s)	
   96	
   113	
   259	
  

Ball	
  in	
  play	
   Ball	
  out	
  of	
  play	
  
Time	
  (mins)	
   27.4	
  ±	
  2.9	
  (37%)	
   47.4	
  ±	
  4.1	
  (63%)	
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Rela6ve	
  Distance	
  



PlayerLoadTM	
  



Key	
  Findings	
  

Movement	
  demands	
  in	
  aFack	
  are	
  unclear	
  between	
  forwards	
  and	
  backs	
  
	
  

Movement	
  demands	
  in	
  defence	
  are	
  harder	
  for	
  forwards	
  than	
  backs	
  
	
  

Movement	
  demands	
  are	
  higher	
  in	
  backs	
  than	
  forwards	
  when	
  the	
  ball	
  is	
  out	
  
of	
  play	
  

	
  
PlayerLoad	
  is	
  higher	
  in	
  forwards	
  than	
  backs	
  in	
  all	
  3	
  phases	
  of	
  play	
  	
  
(sugges6ng	
  they	
  are	
  involved	
  in	
  more	
  collisions	
  /	
  sta6c	
  exer6ons)	
  

AFacking	
  and	
  defending	
  are	
  similar	
  for	
  forwards	
  
	
  

AFacking	
  is	
  harder	
  than	
  defending	
  for	
  backs	
  



HOW	
  TO	
  USE	
  IT?	
  
Worst	
  case	
  scenario	
  protocol	
  

	
  
PLAYER	
  INVOLVEMENTS	
  /	
  DEVELOPMENT	
  

12-­‐15	
  mins	
  of	
  aFacking	
  or	
  defending	
  can	
  be	
  replicated	
  in	
  30	
  mins	
  of	
  training	
  

	
  
CONTEXT	
  

70	
  m.min-­‐1	
  to	
  117	
  m.min-­‐1	
  =	
  2	
  m.s-­‐1	
  /	
  7	
  km.h-­‐1.	
  Consider	
  the	
  decision	
  making,	
  change	
  of	
  
direc6on,	
  communica6on,	
  technical	
  rugby	
  skill,	
  scrums,	
  etc	
  

	
  
RUNNING	
  GAME	
  FOR	
  BACKS?	
  

Future	
  studies	
  should	
  analyse	
  match-­‐play	
  data	
  using	
  a	
  similar	
  method	
  	
  
Locomotor	
  data	
  split	
  into	
  velocity	
  zones	
  would	
  enhance	
  the	
  understanding	
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